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THE FORGE OF HABIT 
Henry Quastler and Betty Brabb
The experiments which form the basis of this report are a generalization 
of the typewriter experiments described in the 2nd report of this sequenced 
In the earlier experiments, subjects had to copy sequences of about 100 
random letters. In the present series, we added the task of copying 1, 2 
or ^ letters only. The purpose of the investigation was to establish a 
bridge between two types of experimental measurements of human transmission 
rates. In one type of experiments, a subject is confronted with a large 
amount of information which he has to process in a sequence of more or less 
discrete acts. The transmission rate is determined as:
T(in;out) _ Total information transmitted (bits)
sec “ Total time needed (sec)
In the second type of experiments, the subject is presented with variable
amounts of information, and his reactions must be embodied in a single
disjunction between possible responses. The precision of this disjunction
furnishes a measure of the amount of information transmitted. The time
which elapses between the display of the input and the execution of the
output is called disjunctive reaction time. Hick^ - has observed that the
disjunctive reaction time increases linearly with the information
transmitted; therefore, a time rate of information transmission can be
derived as follows:
T(in;out) _ difference of information value in disjunctions
sec ~ difference of reaction times
The two methods differ in important aspects? One deals with a 
sequence of acts, usually lasting a minute or so; the other with a single
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act, lasting a second or less - one compares to a sprint, the other to a 
jump. With the sequential method, various phases of information processing 
could he made to overlap; with disjunctive reactions, all phases have to 
he executed in succession.
Given these differences, one would not he surprised if the two types 
of determinations were not to yield the same transmission rates. They 
don't; sequential activities yield, under optimum conditions, peak 
transmission rates of about 2k hits/sec for single activities; this number 
has been found often enough to make some investigatrb*»- thfnkrthat it -is an 
invariant. On the other hand, most transmission rates measured by 
disjunctive reaction times were not far from 10 bits/see^. It was 
obviously desirable to test one and the same kind of performance in three 
ways, using single acts, a large number of sequential acts, as well as 
small numbers of acts, so as to bridge the gap between sequential activities 
and single acts. For this purpose, typewriting seemed to be a very 
suitable task. It is normally performed as a sequential activity, but after 
a short training a typist gets used to pressing a single key when a 
single letter is presented. Also, it is easy to display 2, k, or more 
letters, register the timing of the responses in complete detail and, thus, 
investigate the transition between a single disjunctive reaction and a 
sequential activity composed of disjunctive acts.
The results of these experiments were not what had been anticipated.
The differences between performance for a single, a few, and many letters 
were very small. Neither did variations in alphabet size produce any 
marked effect. It turned out that, under all circumstances investigated, 
the typists stubbornly persisted in taking about the same time for each
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letter, furthermore, this time was about the amount they had learned to 
use in school. With this result it would be easy to dismiss the whole 
experiment as a failure if it were not for one point: the transmission 
rates measured were considerably higher than those ordinarily obtained 
with disjunctive reaction times.
This investigation turned out to be a demonstration of two effects 
of habit. They are:
(i) the quality of the performance is good,
(ii) the flexibility of the performance is low.
Neither of these findings is particularly surprising. What was 
surprising (at least to the authors )-t/as the overwhelming strength of 
these effects. This is a point of great importance,which is often 
not given sufficient recognition in engineering psychology and in the 
design of psychological experiments. Therefore, we feel it is worthwhile 
to give a complete account of the whole experiment and its results.
METHODS
The experimental arrangements comprised a display device, an 
electric typewriter, timing devices and relays'?
For the test with long sequences of letters, no special display 
device was used. A sheet with the text was covered and put in front of 
the typist. It was uncovered (exposed) at the beginning of the test, 
and the total time needed for copying the text measured with a good 
stop watch. With 1, 2, and k letters, the letters were printed on file 
cards. These were mounted behind a shutter. The opening of the shutter 
exposed the card and started a timing device. The shutter was coupled
* The authors gratefully acknowledge the help of Dr. Peter D.~ Bricker, III, 
who did most of the work in putting together the experimental equipment.
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with a buzzer, so that one or two seconds after the buzzer was sounded the 
shutter was automatically opened.
An electric typewriter was fitted for the experiment as follows: below
each key, a metal brush was fixed so that the depression of the key closed 
a contact which produced an electric impulse. This impulse could be used 
to stop the timer or activate the pen of a Brush recorder. The brushes 
were adjusted in such a way that the impulse occurred at the same phase of 
the stroke for each key.
For experiments with single disjunctive reaction times (one letter) 
we used only the typewriter and the timer. For 2 and 4 letters we used a 
two-channel Brush recorder; one channel was used for the signal indicating 
the beginning of the display, and the other channel to record the hitting 
of the keys. The recording paper was moved at .25 millimeters per second, 
and the various times were taken from this record.
The displays were sequences of letters obtained with the help of a 
table of random numbers. The following alphabets were used:
Table I
Alphabets Used
Alphabet No. No. of Symbols Symbols
1 27 whole alphabet plus
2 26 whole alphabet
3 16 a through p
b 16 a,d,e,f,h,i,j,k,m,n,o,p,r,s,u,w
5 8 l>g>l>q.;V,x,y,z
6 8 c,k,o,s,u,v,y,z
7 8 b,c,e,f,g,m,g,w
8 8 a,d,f,i,k,o,r,s
9 b a,s,d,f
10 b z,x,c,v
11 b !>x,y,z
12 b b,c,e,q.
13 b c,o,s,v
Alphabets nos. 5>7>12,15 and, practically, no. 5, were obtained by random 
selection; nos. 4,8 and 9 were selected for letters with short reaction 
times, nos. 5> 10 and 11 for slow reaction times.
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The subjects used were three young women typists of average professional 
skill. We ran one or two tests each day, usually on five days a week. Each 
test lasted from one to two hours, and only a single alphabet and a single 
condition were used each time. (The sequence of tests used can be read 
from fig. 3)*
With both single and multiple letters, reaction times were usually 
stable after the first 30 letters as illustrated by the examples given in 
Figure 1. To avoid the "warm-up" effect, we omitted the first ko letters 
from evaluation.
The mean reaction time for each letter and each test was computed 
as the average for the last 160 letters, leaving out all instances where 
for some reason or another the test was not satisfactory (e.g. the timer 
did not function, or the subject made an error). At the end of the whole 
study, the mean times were tabulated, separately for each letter and 
each subject. 1a every case the reaction times tended to decrease as the
test series went on. Also, they were a little smaller for tests with 
limited alphabets than for tests with the whole alphabet. We tried to 
estimate by inspection the asymptotic reaction time for each letter, 
for each subject, from the 26-letter test. These estimated asymptotes 
are the basis of all further computations. Although the procedure used 
is arbitrary, the examples shown in Figure 2 demonstrate that the estimate 
could hardly be off by more than 5 per cent. Furthermore, as the 
estimates were made independently, it may be hoped that errors did cancel 
out.
To characterize the performance for a whole test, we expressed all 
reaction times in percentages of the asymptotes, and took the average of
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*Each sequence consists of 10 successive letters in the 
test* e.g., sequence number 17 comprises the 171-180th 
iettersin the test.
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these normalized reaction times for all letters in the test. The value so 
obtained was used to check for all effects of learning. The results are 
shown in Figure 3. It is seen that the average normalized reaction times 
decreased, and that the normalized reaction times are shorter for tests 
with restricted alphabets. On inspection of the curves we estimate that 
subject F has reached a constant level from the 8th test on, P from the 
5th test on, and B from the 6th test on. All further statements will be 
based only on tests which occured after the learning effect had disappeared.
Information functions were estimated as follows:^
Input Information = H ’ (in) = log2^
where r is the alphabet size used. The population uncertainty is used 
rather than the (smaller) sample uncertainty because the former should 
prevail in the mind of a model subject responding perfectly to instructions.
Equivocation = S ’ou^(in) = H* (loc) + p H' (cor)
where :
p = error rate
H'(loc) ss estimated information needed to locate errors 
= P log2P - (1-p) log2 (1-p)
H ’(cor) = estimated average information needed to correct 
a single error
~l/2 H'(in)
Earlier analyses of the error pattern in typewriting experiments have 
indicated that this is a good approximation. At any rate, the error rates 
in these tests were so small the accuracy of the information lost in errors 
is not critical.
Information Transmitted = T ’(injout) = H ’(in) - H'out(in)
(;
w
i *
t
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NO. OF LETTERS IN ALPHABET 
0 = 2 6  8  27 
A=8 
□ = 4 
x = 16
DESIGNATION OF ALPHABET 
R = Random s = Slow 
f * Fast
SUBJECT B SUBJECT F SUBJECT P
Fig. 3 Change Of Normalized R.T. During The Course Of Investigation (Test In Time Sequences)
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SIMPLE REACTION TIMES
We used two methods to separate the time needed for disjunction from 
the basic time needed for perception, execution of motion, and delay in the 
instruments. The first consisted of two series of tests in which the subject 
was told beforehand which letter was going to appear. A second, independent 
determination, will be discussed under "Two and Four Letters".
A foreperiod of 1 or 2 seconds was used. The test was not perfect 
because one could hear the movement of the shutter before the letter 
became visible and we suspect that one S(P) reacted to this signal of an 
imminent display, and the other two (F and B) to the actual display of the 
letter. In one series subjects were asked to poise their fingers in 
standard position before the display, in another they were asked to poise 
their "best" finger above the key which was going to appear.
Mean reaction times obtained in this test are shown in table II:
Table II
Simple Reaction Times
(known letters, average reaction times in sec)
Subject
P F B
Normal Fingering .1^ .25 • 25Best Finger .12 .22 .25
The results are as follows:
(i) Individual Differences: subject P was .1 of a second faster than
the other two. For further computations, we used the time of ,2k sec.
as our estimate of the normal simple reaction time.
(ii) Normal Fingering vs. Best Finger. Two subjects gained and one
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subject lost 20 milliseconds if they could use their ’'best" fingers 
(the only reason why a loss in reaction time should occur is that use of 
the best finger represents a departure from habit).
(iii) Differences Between Letters (raw data not shown): The standard
deviation, averaged for the three subjects, was + .05 sec.
(iv) Home Keys vs. Other Keys: The mean time for all subjects and
all home keys was .239 sec., for all non-home keys .2*41 sec. The 
difference of 2 milliseconds is not significant.
DISJUNCTIVE REACTION TIMES: SINGLE LETTERS
a - Distribution of Reaction Times
Typical distributions of reaction times (for individual subjects, 
tests and letters) are given in Figure 4. One finds the familiar pattern - 
a curve which rises rapidly to a broad plateau, and falls slowly with 
increasing reaction time.
b - Differences Between Individuals
In table III are given the "corrected asymptotic reaction times", 
that is, our estimated asymptotes for a 26-letter test minus the estimated 
simple reaction time of .2k seconds (any error in the estimation of 
simple reaction time would appear as a small additive constant). The 
values for the three subjects are entered in the first three columns.
The next three columns give times normalized with respect to the average 
reaction time for a particular subject. The seventh column is a mean 
normalized reaction time for each letter. It shows the difference between 
reaction times for various letters.
Comparison of the first 3 columns shows that Subject F was considerably 
faster (by about .15 seconds) than the other two.
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Table III
é»
Asymptotic Disjunctive Reaction Times 
(Simple R.T. deducted)
______ A. Home Keys^
R.T . in Sec. R.T. in % of mean
c\ A Subjects 4> Subjects
<0 \pF \* B ^ p t^B P Mean
A .16 • 34 .25 112 111 85 103
D .13 .28 .27 91 91 91 91
F .15 .28 .26 n o 91 88 96
J .16 .36 • 39 112 118 132 121
K .12 .30 • 32 dk 98 108 97
L .16 .32 .31 112 109 105 109
S .12 .26 .26 &k 85 88 85
Mean .14 .31 .30
B . Other Keys
B .24 •39 .27 113 ill 77 100* C .22 .29 .24 io4 83 69 85
E .18 .30 .32 85 85 92 87* G .22 .40 .34 io4 113 97 105
* H .17 • 33 .36 80 93 103 92I .17 • 39 .39 80 ill 112 101r M • 17 .32 .42 80 91 120 97
N .20 • 35 .40 94 99 115 103
0 .15 .31 .36 71 88 103 87 •
P .20 .34 .38 9k 97 109 100
Q .21 .38 .32 99 108 92 100
R .20 • 37 .33 94 105 95 98
T •25 .42 .37 118 119 106 n 4
Ü .19 .36 .41 89 102 117 103
V .21 .32 .28 99 91 80 90
w .17 .29 • 39 80 82 112 91
X .29 .35 .31 137 99 89 108
Y .24 .39 .41 113 n o 117 113
Z .28 .38 -3k 132 108 97 112
Mean .21 .35 • 35
Mean for all keys •19 -3k • 33
c - Difference Between Letters
Variation between Letters: The standard deviation between letters is
+ 151o of the mean reaction time, for all three subjects.
Home Keys vs. Non-Home Keys: All subjects were faster with the home
keys. The differences in the 3 subjects were .069, .OVf, and .05k sec. 
This difference is considerable (in contrast to the situation when the 
letter is known).
Position on the Keyboard: Right-hand keys were on average 10
milliseconds slower than left-hand keys,and those keys which involve 
long finger movements such as t, y, z, and q, are associated with 
comparatively long reaction times.
Reaction Time and Letter Frequencies; We tried to correlate reaction 
time for the different letters with the frequency of those letters in 
English text, that is, with the amount of experience a subject would have 
with them. We used Attneave's^ data of actual, judged and guessed letter 
frequencies, also the judged letter frequencies obtained from the subjects 
themselves, individually and averaged. None of these attempts yielded a 
correlation of marked amount. The reaction time of a particular letter 
is very little if at all affected by the frequency of this letter in 
English texts.
d - Alphabet Size
Figure 5 shows mean reaction times as a function of information input 
per letter, H'(in). It is seen that there is a considerable difference 
between simple (H(in)=0) and disjunctive reaction times, but very little 
difference between disjunctions of different informational values.
As a final check of the near-independence of reaction time from
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□ -  Subject B 
A = Subject P 
O = Subject F
Fig. 5 Information Content vs. Disjunctive R .I
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information input, we made a series of four-letter tests with two of the 
subjects. When these tests were run both girls had gone through the tests 
with 1, 2, 1* and many letters, and had accumulated considerable experience 
with random alphabets of various sizes and the general conditions of the 
test. We gave two sets of ^-letter alphabets: the four home keys for the 
left hand (a,s,d,f) which are notoriously fast, and the four keys of the 
left hand on the lower row (z,x,c,v), which are notoriously slow. The 
information input, of course, is the same for both cases, and if both 
subjects had properly adjusted, there should have been little if any 
difference in reaction times. Table TV shows that this is not so: the 
reaction times obtained were a little faster than before (table III), 
but the difference between "fast" and "slow" letters persisted almost 
unchanged.
Table IV
Mean Reaction Times in Final 
^-letter tests
^  Subjectf' ^
Final Tests Earlier Tests Final Tests ' Earlier Tests
B oÇT p
Letter : <KA•à*
i—1ir\ <^ .1*2 ^  -b9
S •bi .50 .1*2 • 50
D • 52 • 51
F .1*8 • 52 .1*2 • 50
mean .49 • 53 .1*2 • 50
Letter : Z • 56 .62 • 52 • 58
X • 52 • 59 .50 • 55
C .1*9 .53 .1*8 • 50
V •57 .62 •5b .52
• 5b • 5bmean • 59 • 51
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e - Discussion of Results with Single Letters
One could draw reasonably straight lines through the experimental 
points for 2-b hits/letter and obtain high transmission rates of kO bits/sec 
and more. However, these straight lines cannot be made to intersect 
the ordinate at the value found for the simple reaction time (H(in)=0), and 
this makes their validity most doubtful. A sober appraisal of the data 
(fig. 5) indicates that the information content of the disjunction has 
very little effect on disjunctive reaction time. This is true whether the 
information content is considered a function of long-term or short-term 
experience. By long-term experience we refer to the fact that the various 
letters of the alphabet occur with very unequal frequencies; if frequency 
of previous encounters should determine the reaction time, then e and t 
should be typed faster than, for instance, s and d. This is not the case. 
There are marked differences between reaction times for various reasons 
but they depend on the position of the letters on the keyboard and not 
on their frequency in English texts.
By short-term experience we mean the experience which was acquired 
in the course of individual test runs. In all tests subjects were told 
which letters would be used, and they had considerable opportunity to see 
that no other letters were introduced. Thus, in tests with restricted 
alphabets much of the discrimination between the 26 letters could be 
taken for granted before a letter was actually exposed. In a ^-letter 
test, this reduced the information input to 2.0 bits from the b .J bits 
maximum, or by about h /j . Yet, subjects profited from this informational 
advantage only by reducing their reaction time by about 40 msec, which is 
about l/7 of the time presumably needed for disjunction between 27 symbols.
70-20
Of course, one could obtain a greater gain if one selected the k fastest 
symbols for the restricted alphabet (this can be seen from Table III).
The following hypothesis is suggested:
For any activity habitually performed, a person - or 
group of persons - works out a speed which is appropriate to 
the task requirements and consistent with human informational 
limitations; this speed is rather stable, and not easily affected 
by temporary changes in the task requirements.
The elementary task mastered by a professional typist is the single- 
stage transduction from a limited set of symbols to a limited set of actions, 
and a less efficient transduction for an additional set of symbols. The 
symbols included in the preferred set are the 26 letters of the alphabet 
and about 6 other symbols; additional symbols (including numerals) are 
usually written under visual control. Each symbol is to be acted upon 
with equal care, and is to be given equal weight; this gives 5 bits per 
symbol. Adding another 12 symbols (numerals, etc.) at about one-half 
weight gives us about 5*5 bits/symbol, as a reasonable estimate of the true 
information requirement per symbol. A professional typist is supposed 
to write about 50 words per minute, or about 5.75 symbols/sec. This 
corresponds to 21 bits/sec, which is not far from the highest measured 
rates of information transmissions in simple tasks. Such rates cannot be 
maintained for long stretches; a typist can maintain a speed of 50 words 
per minute only if her informational task is reduced by known internal 
constraints - to put it simply: she can do it in a known language but not 
in an unknown one. The second part of the hypothesis states that the 
habituated speed is very stable. We find an average disjunctive reaction
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time (corrected by deductipg the simple reaction timeI) of about 280 msec., 
or 3.6 symbols per sec., which agrees with the expected performance of 
3.75 symbols per sec. It is appropriate to the normal activity of a typist 
that each letter be given equal care: hence the lack of effect of long­
term experience with different letter frequencies. The failure to fully 
profit from short-term instructions, according to the second part of the 
hypothesis, can be stated in other words: A subject continues operating
against her customary background of 26 letters plus some symbols, in 
spite of instruction and experience* That is, a constraint imposed by 
the experimenter, even if explained and understood by the subject, is 
noti necessarily incorporated into her bavior.
DISJUNCTIVE REACTION TIMES: TWO, FOUR,AND MANY LETTERS
Tests with 2 and k letters were done after the single-letter 
tests. Because of the small effect of alphabet size, we used only 26-letter 
alphabet.
a - Results with Two and Four Letters
Figure 6 shows the average times taken for each letter in sets of 
1, 2, and 4 letters. The disjunctive reaction time for a single letter 
averages .53 sec. The time between onset of display and hitting the 
first of a pair of keys is .56 sec., and the time from onset of the display 
to hitting the first of four letters is .61 sec. Thus, the initial reaction 
time tends to increase very slightly as the number of letters goes up.
The mean time between striking the first and the second letter of
2 letters averages .20 sec; with ^ letters, it averages .23 sec. The mean
time between second and third letter is .27 sec, between third and Vourth,
.2k sec. Taking the aggregate time from onset of display to pressing the
* We have found a similar phenomenon in mental arithmetic: subjects did 
equally well with 10 numbers as with restricted sets of ^ and 8 numbers.
Bars Represent R.T. In The Following Sequence 
(For Each Letter) M e a n - F - B - P
Fig. 6 Time Per Letter
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key for the last letter gives a very simple relation:
tn = 0.2^ + 0.28 . n
where tn is the aggregate time for the total response, and n is the number 
of the unknown letters in the display (fig.7)» This straight line inter­
cepts the ordinate at the value found for the simple reaction time, and 
confirms the validity of the previous determination.
Histograms of the times elapsed between the striking of two 
successive letters show the usual picture the frequency increases rapidly 
to a broad plateau, and then decreases much slower with increasing elapsed 
time.
One would expect that there is some correlation between the disjunctive 
reaction times for the single letters used to make up sequences, and the 
total time needed for the sequence. Such correlations exist and are shown 
in Table V. It is seen that they are not strong. Differences in the 
reaction times for individual single letters account for approximately 10$ 
of the variance of the time needed to copy a pair or quadruple of letters.
Table V
Coefficients of Correlation between Sum of Single 
Disjunctive R.T. and Time for Sequences
Letters in Sequence 
Subject 2
P • 33 • 36
F
B
.k6 ,2k
.25 .2k
b - Many Letters
In a final series of tests we gave random sequences of 192 letters
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FIG. 7. RESPONSE TIME VS NUMBER OF 
UNKNOWN LETTERS IN DISPLAY
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U
to the three subjects and asked them to type as fast as possible. In this 
test they took an average of 0.20 sec per letter. The difference between 
this value and the 0.28 sec per letter found before is statistically 
significant but not large. In first approximation, we may say that the 
formula valid for 0 to ^ unknown letters extends up to 200 unknown letters. 
c - Information Transmission
With 1, 2, and ^ letters, our subjects made very few errors; the 
actual amount of information transmitted is about k.5 bits per letter. 
Taking .280 sec. per letter as the true disjunctive reaction time we 
obtain an information transfer of
T ' (in;out )/sec * = 16 bits/sec
This is considerably higher than the rates found in most experiments 
with disjunctive reaction times''*. Actually, we suspect that subjects 
would have reacted equally fast with an input of 5-5 bits/letter, for 
a transmission rate of 20 bits/sec.
In the tests with long sequences of letters, our subjects made more 
frequent errors and transmitted from 10 to 16 bits per sec. This is lower 
than the rates obtained previously with other subjects which had received 
long training in dealing with long random sequences of random letters.
In these cases (reported in part II of this report sequenceJ1, the rate 
of information transmission ranged from 15 to 17 bits per second. 
d - Discussion of Result with Multiple Letters 
The principal result of this study can be stated very simply.
Typing a single unknown randomly selected letter takes about .28 sec, 
except for an extra time of ,2k sec which is added to the time needed for
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the first letter. This time is changed little whether the number of letters *
to be typed is 1, 2, or b or 192; the typist writes letters at a constant * 1
w *
speed after a brief transient, which affects only the time for the first 
letter, has disappeared. With other words, the transition from single 
disjunctive reaction to serial activity is completed with the transition from 
one to two letters. This, of course, is not at all the gradual transition 
we expected to find.
This result is closely related to the findings obtained with single 
letters. We have found that modifying the information content of single 
letters had little effect on the reaction time; we now add that modifying 
the information content of the total display had not much effect either.
Both factors appear to be overridden by the force of habit.
*
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*
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